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Mass tomography at different momentum ranges in Quark-Gluon Plasma
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We here show that at lower momentum (i.e. p⊥ ∼ 10 GeV) single particle suppression for different
types of probes exhibit a clear mass hierarchy, which is a direct consequence of the differences in the
energy loss, rather than the differences in the initial distributions. On the other hand, we predict that
the mass hierarchy is not expected at high momentum (i.e. p⊥ ∼ 100 GeV); i.e. while we surprisingly
predict that suppression for charged hadrons will be somewhat smaller than the suppression for
heavy mesons, we find that this difference will be a consequence of fragmentation functions, not the
finite mass effects. That is, apart from the fragmentation functions, the probes of different masses
exhibit nearly the same suppression in the high momentum region. We also argue that the same
insensitivity on the probe types also appears for jets. In particular, the experimental data in the
momentum regions where they exist for both types of probes, show similar suppressions of charged
hadrons and inclusive jet data. Interestingly, we also find that our state-of-the-art suppression
predictions for high momentum single particles are also in agreement with the jet suppression data,
where the reasons behind this agreement yet remain to be understood. Finally, the available jet
data also show (though with large error bars) an overlap between b-jets (heavy) and inclusive jets
(light) probes. Consequently, our results suggest that single particles in the momentum region below
50 GeV present an excellent tool for mass tomography, while high momentum single particles and
(possibly) jets are rather insensitive to the details of the interaction with Quark-Gluon Plasma.
INTRODUCTION
Quark-gluon plasma (QGP) is a new state of mat-
ter [1, 2] consisting of interacting quarks, antiquarks
and gluons. Such new state of matter is created
in ultra-relativistic heavy ion collisions at Relativistic
Heavy Ion Collider (RHIC) and Large Hadron Collider
(LHC). Rare high momentum probes, which are cre-
ated in such collisions and which transverse QGP, are
excellent probes of this extreme form of matter [3–5].
As these probes have different masses and consequently
interact with the medium in a different manner, such
mass tomography allows investigating properties of the
interactions with the medium [6–8]. Furthermore, as
higher momentum ranges become increasingly avail-
able at the LHC experiments, there are both different
probes and a wide range of their momentum, which
become available for such mass tomography. However,
there is now a question which exactly probes, and mo-
mentum ranges, are optimal for such tomography, i.e.
will lead to different behavior that can provide new in-
formation about interactions with the medium. To ad-
dress this question, we will in this paper concentrate on
the nuclear modification factor (RAA), as suppression
is traditionally considered to be an excellent observable
for mass tomography.
As an example, it was previously widely expected
that such clear distinction between the suppression
patterns will be provided by the measurements of
charged hadron (light) and D meson (heavy) probes
(see e.g. [7, 8]). However, as shown by both the exper-
imental data [9, 10] and theoretical predictions [11],
these two probes have the same suppression at least in
the momentum region between 10 and 50 GeV, which is
a consequence of a serendipitous interplay between en-
ergy loss and fragmentation functions. Below 10 GeV,
there exists a small difference in the RAAs between
D mesons and charged hadrons; however, this differ-
ence in the suppressions is both small and somewhat
influenced by the fragmentation functions [11], so it
is, unfortunately, not suitable for extracting any re-
liable conclusions. Furthermore, at high momentum,
recent jet measurements indicate (though with large
error bars) the same suppression for b-jets [12], and
inclusive (light) jets [13, 14]. Consequently, there is a
nontrivial question of what exactly probes and momen-
tum ranges can be used for obtaining new information
on probe-medium interactions. Addressing this will, in
turn, allow optimally exploiting experimental efforts
and provide further tests of our understanding of QCD
matter. Systematically testing the mass tomography
effects, for different probes, and at wide momentum
ranges, will be the main goal of this paper.
To achieve this goal, we will here use our state-of-
the-art dynamical energy loss formalism [15, 16], which
removes a widely used static approximation and takes
into account interactions of the probe with the mov-
ing (dynamical) medium constituents. Through this,
it consistently treats both radiative [15, 16] and col-
lisional [17] energy loss, which has been shown to be
crucial for quantitatively and qualitatively explaining
the experimental data [18]. Additionally, the formal-
ism also takes into account finite magnetic mass [19]
and running coupling [20], and is integrated in an
up-to-date numerical procedure, which includes path-
length [21] and multi-gluon [22] fluctuations. The for-
malism was previously shown to be consistent with the
wide range of suppression data corresponding to dif-
2ferent probes and experimental conditions [11, 20, 23].
Importantly, no free parameters are used in comparing
predictions with the experimental data. The same pa-
rameter set, corresponding to the standard literature
values, will be used in this paper, so that the generated
predictions will be also constrained by an agreement
with a wealth of previous data.
We will here generate single particle RAA predictions
at both lower momentum (i.e. p⊥ ∼ 10 GeV) and high
momentum (i.e. p⊥ ∼ 100 GeV) regions. Our predic-
tions are applicable for both 2.76 TeV and 5.02 TeV
collision energies, since we here predict the same sup-
pression at these two collision energies for light flavor,
while we previously [24] predicted the same suppres-
sion at these energies for heavy flavor. Comparing
these predictions with single particle RAA measure-
ments will allow investigating how suppression depends
on the mass hierarchy in different momentum regions,
particularly since high precision single particle RAA
measurements are (or will soon become) available at
both lower and high momentum ranges. In the high
momentum range, we will generate predictions for 5.02
TeV collision energy, where preliminary experimental
data are currently becoming available. The high mo-
mentum single particle predictions are not available for
2.76 TeV, so in this range, we will compare our sin-
gle particle predictions for 5.02 TeV (which are also
applicable to 2.76 TeV, see above) with the available
jet measurements. The comparison of the single parti-
cle predictions with the available jet data is motivated
by the fact that, in the momentum region where both
(limited) single particle and jet RAA data exist, these
two observables show the same suppression within the
errorbars, as we present below. This observation leads
to a question of how the leading particle RAA predic-
tions, done with state-of-the-art dynamical energy loss
model, compare with the whole jet RAA, which we will
here address. Consequently, we will here provide a sys-
tematic investigation of how the predicted suppression
depends on the probe type, the momentum and colli-
sion energy range, and how these predictions compare
with various available data.
METHODS
The numerical framework for generating suppression
predictions is presented in detail in [20]. We below
briefly outline the main steps in this procedure.
We study the angular averaged nuclear modification
factor RAA, which is established as an excellent probe
for studying the interaction of high-momentum parti-
cles with QGP. RAA is the ratio of the quenched spec-
trum in A +A collisions to the spectrum in p+ p col-
lisions, scaled by the number of binary collisions Nbin:
RAA(p⊥) =
dNAA/dp⊥
NbindNpp/dp⊥
(1)
To calculate the quenched spectra of light and heavy
probes, we use the generic pQCD convolution, which
consists of the following steps:
Efd
3σ
dp3
⊥,f
=
Eid
3σ(Q)
dp3
⊥,i
⊗ P (Ei → Ef )⊗ (2)
⊗D(Q→ HQ)⊗ f(HQ → J/ψ). (3)
Here ”i” and ”f” subscripts correspond, respectively, to
”initial” and ”final”, E is energy, p⊥ is momentum, Q
denotes partons (quarks and gluons), and the terms in
the equation correspond to the following:
i) Eid
3σ(Q)/dp3
⊥,i denotes the initial parton spec-
trum. For light quarks and gluons, the spectrum
is extracted from [25], while for charm and bot-
tom quarks, the spectrum is extracted from [26].
ii) P (Ei → Ef ) is the energy loss probability. The
probability is generalized to include both colli-
sional [17] and radiative [15, 16] energy loss in the
same framework (i.e. realistic finite size dynam-
ical QCD medium), which abolishes the widely
used approximation of static scattering centers.
It is also recently improved to include path-
length [21] and multi-gluon [22] fluctuations, as
well as running coupling [20] and finite magnetic
mass [19].
iii) D(Q → HQ) is the parton to hadron HQ frag-
mentation function. For light hadrons, D and
B mesons we use DSS [27], BCFY [28] and
KLP [29] fragmentation functions, respectively.
Note, however, that for heavy flavor, fragmenta-
tion functions do not influence the suppression of
heavy mesons [11]. That is, heavy meson RAA is
a true probe of heavy quark RAA.
iv) For non-prompt J/Ψ, we also have to include the
decay of B meson to J/ψ, which is represented
by the function f(HQ → J/ψ) and obtained ac-
cording to [26].
To generate the suppression predictions for light and
heavy flavor observables in Pb+Pb collisions at the
LHC experiments, we used the following parameter set:
QGP with perturbative QCD scale of ΛQCD = 0.2 GeV
and effective light quark flavors nf =3. In the calcu-
lations, as a starting point we use an effective tem-
perature of 304 MeV for 0-40% centrality Pb+Pb col-
lisions at the LHC [30] experiments (as extracted by
ALICE); the average temperature for every central-
ity region is then determined according the procedure
3given in [23]. Also, for every centrality region, we use
different path-length distributions, which are provided
to us by [37]. The light quark mass is assumed to be
dominated by the thermal mass M =µE/
√
6, where
temperature dependent Debye mass µE is obtained
from [31]. The gluon mass is mg = µE/
√
2 [32], while
the charm and the bottom masses are, M =1.2GeV
and M =4.75GeV, respectively. Magnetic to elec-
tric mass ratio is 0.4 < µM/µE < 0.6, as extracted
from several independent non-perturbative QCD cal-
culations [33–36], so the uncertainty in the predictions,
presented in the next section, will come from this range
of screening masses ratio. Note that our model uses no
free parameters in comparison with the experimental
data, that is all the parameters correspond to standard
literature values.
NUMERICAL RESULTS
In this section, we will generate predictions which
correspond to the probe suppression at both lower
(∼ 10 GeV) and high (∼ 100 GeV) momentum ranges.
At high momentum ranges, we will also compare the
single particle and jet measurements with each other,
and with the generated theoretical predictions. The
predictions will be generated both as a function of
probe momentum and the number of participants and
for both light and heavy flavor observables.
We first show predictions for the suppression de-
pendence on the number of participants at 2.76 TeV
Pb+Pb collision energy. In Fig. 1 (left) we compare
predictions with the data in the lower momentum range
(p⊥ ∼ 10 GeV), while in Fig. 1 (right) we compare pre-
dictions with the data in the high momentum range
(p⊥ ∼ 100 GeV). Note that the formalism is devel-
oped under the assumption that M2/E2 ≪ 1, so, for
all types of quarks (both light and heavy), our predic-
tions are valid for p⊥ & 10 GeV. The predictions in
Fig. 1 (left) are generated for J/Ψ and D mesons, and
compared with the corresponding CMS experimental
data [38] - D meson data from ALICE [10], not shown
for figure representation, are consistent with CMS D
meson data. Also, the charged hadrons (light probes)
are not shown in Fig. 1 (left) for clarity, as it was
previously shown that both experimental data [9, 10]
and theoretical predictions [11] largely overlap with
those for D mesons. Since charged hadrons are in-
direct/complex probes, composed of both light quarks
and gluons with nontrivial effect of fragmentation func-
tions [11], for mass tomography it is clearly beneficial
to, whenever possible, concentrate on D mesons (clear
charm quark probes [11]) instead of charged hadrons.
In Fig. 1 (right), the theoretical predictions for charged
hadrons, D and B mesons are generated and shown to-
gether with the ATLAS charged hadron experimental
data.
Clear distinction in predictions between lower and
high p⊥ ranges are observed. In addition, for lower p⊥
(the left panel of Fig. 1), it is obvious that the light
and heavy flavor suppressions are significantly differ-
ent. On the other hand, in the high p⊥ ∼ 100 GeV
range (the right panel of Fig. 1), the predictions for
all the probes (both light and heavy) almost overlap
with each other. From pQCD perspective, a reason
for similar suppressions at high momentum is that the
mass of the probe becomes small compared to its mo-
mentum, so the relevance of mass effects should also
become small in this region. However, while plausi-
ble/expected from pQCD perspective, this prediction
can be quite distinct in other approaches, as e.g. AdS-
CFT predicts a clear suppression mass hierarchy, even
for high momentum regions [42, 43].
The experimental data shown in Fig. 1 are in a good
agreement with the generated theoretical predictions.
Moreover, these data also confirm the predicted quali-
tative distinction between the light/charm and bottom
suppressions at lower momentum region. At the higher
momentum range, such comparison between the light
and heavy flavor experimental data cannot be made,
as the corresponding single particle data are currently
available only for charged hadrons. Therefore, the
overlap of the light and heavy flavor suppressions at
high momentum ranges, provides a clear prediction to
be tested by the upcoming experiments.
For understanding the difference between D me-
son and non-prompt J/Ψ suppressions, we studied the
importance of different contributions to this suppres-
sion difference. Regarding this, note that it has been
considered that this difference may largely originate
from the differences in the initial distributions between
charm and bottom quarks, rather than the difference
in their energy losses [39]. We show in Fig. 2 (left)
that this is not the case, i.e. the contribution to the
suppression difference from the initial distributions is
small, while the contribution due to the different en-
ergy loss is substantially larger. Note however that the
contributions shown in the Fig. 2 (left) are not pure
effects of initial distribution and energy loss. This is
since J/Ψ suppression is not a direct probe of b quarks,
i.e. it includes a decay from B mesons to J/Ψ, i.e.
f(B → J/Ψ). Consequently, to exclude the decay
contribution from these two effects, in Fig. 2 (mid-
dle) we show the same contributions but with the B
mesons (clear b quark probe) instead of J/Ψ. We see
that, in the case of B mesons, the energy loss contri-
bution becomes even larger, while the initial distribu-
tion becomes even smaller. Therefore, the strong mass
dependence of the suppression, which is observed and
predicted at lower momentum ranges, is clearly a con-
sequence of the differences in the energy loss, rather
than the consequence of the initial distributions or de-
4FIG. 1: RAA vs. Npart for single particles at the 2.76 TeV Pb+Pb collisions at the LHC experiments. Left
panel: Theoretical predictions for RAA vs. Npart are compared with CMS experimental data for D mesons [38] (red
triangles) and non-prompt J/Ψ [41] (orange circles) in, respectively, 8 < p⊥ < 16 GeV and 6.5 < p⊥ < 30 GeV momentum
regions. Gray bands with dashed, and dot-dashed boundaries, respectively, correspond to predictions for D mesons and
non-prompt J/Ψ in corresponding momentum regions. Right panel: Theoretical predictions for h±, D and B meson RAA
vs. Npart in 60 < p⊥ < 95 GeV momentum region are, respectively, provided as white bands with full, dashed and dot-
dashed boundaries. The h± predictions are compared with ATLAS (green squares) [40] h± experimental data in the same
momentum region. On each panel, the upper (lower) boundary of each gray (or white) band corresponds to µM/µE = 0.6
(µM/µE = 0.4).
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FIG. 2: Suppression contributions. Left panel (a): Theoretical predictions for RAA vs. Npart are compared for D
mesons (dashed curve, 8 < p⊥ < 16 GeV momentum region) and non-prompt J/Ψ (dot-dashed curve, 6.5 < p⊥ < 30
GeV momentum region). Gray curve shows the analogous non-prompt J/Ψ predictions, if the originating bottom quark
would have the same energy loss as charm quark in QGP. Middle panel (b): Theoretical predictions for RAA vs. Npart are
compared for D and B mesons in 8 < p⊥ < 16 GeV momentum region. Comparing the left and the middle panels shows the
effect of decay functions to the contributions analyzed in the left panel. Right panel (c): Theoretical predictions for RAA
vs. p⊥ are compared for D and B mesons. In the middle and the right panels, the curve legend is the same as in the left
panel. On each panel, the full arrow points to the contribution of the different initial distributions to the difference in the
suppression between D meson and non-prompt J/Ψ (or B meson), while the dashed arrow points to the contribution of the
different energy losses to the difference between D meson and the non-prompt J/Ψ (or B meson) suppression. Magnetic
to electric mass ratio is set to µM/µE = 0.4.
5cay. Furthermore, we show in Fig. 2 (right) that there
is no momentum region in which initial distribution
makes a significant effect on the suppression difference
between different types of probes. Therefore, study-
ing the difference between D and B meson suppression
patterns in lower momentum region is not influenced
by the production, fragmentation and the decay, and
therefore allows directly assessing how different probes
interact with QGP.
While there are currently only limited data for sin-
gle particles at high momentum, these type of mea-
surements are expected to become increasingly avail-
able at 5.02 TeV Pb+Pb collisions at the LHC. At
5.02 TeV collision energy, the RAA measurements for
charged hadrons are expected to become available up
to p⊥ ∼ 400 GeV, for D mesons the RAA measure-
ments might be available up to p⊥ ∼ 200 GeV, while
for bottom mesons the measurements are expected up
to p⊥ ∼ 100 GeV [44] and possibly even higher. It is,
therefore, useful providing single particle RAA predic-
tions in the high momentum region, and studying the
effects of high p⊥ mass tomography.
With this goal, in Fig. 3, we provide predictions for
charged hadrons, D and B mesons RAA at 5.02 TeV
0-10% central Pb+Pb collisions at the LHC. From the
right panel, we see that at p⊥ ∼ 100 GeV, all types
of probes show similar suppressions, as supported by
the right panel of Fig. 1. However, for p⊥ > 100 GeV,
we also observe that, while D and B (i.e. heavy) me-
son RAAs become almost identical, the h
± (i.e. light
hardon) RAA shows a surprising tendency for a lower
suppression compared to heavy mesons. Moreover, we
see that the difference between light and heavy me-
son suppression increase with increasing p⊥, leading to
more than 10% higher RAA for h
± compared to heavy
mesons at p⊥ > 150 GeV. That is our observation is
that, contrary to the 2.76 TeV collision energy where
overlap between h± and D meson RAA was observed
for the entire momentum region where both data are
available (p⊥ < 50 GeV), we here predict that increas-
ing momentum (above p⊥ of 100 GeV) will lead to the
separation in the RAA of these two observables, but in
a different direction than intuitively expected.
A naive conclusion from this prediction would be
that, for highly energetic partons, the light partons
start to lose notably less energy compared to heavy
partons, which is not in accordance with pQCD, as dis-
cussed just after the Fig. 1. To further investigate this
issue, in the middle panel of Fig. 3, we compare RAA
predictions for bare quarks, i.e. for up, charm and bot-
tom quarks. We here observe that for p⊥ > 100 GeV,
and in accordance with pQCD, finite mass effects for all
types of quarks become negligible, leading to the same
suppressions for both light and heavy flavor partons.
However, from the right panel of Fig. 3, we see that the
nonintuitive result observed in the left panel of Fig. 3,
is a consequence of fragmentation function effect on
the light partons that compose the charged hadrons.
That is, the effect of fragmentation functions on the
light quarks is to decrease their suppression (noted by
the vertical arrow in the right panel of Fig. 3); the
gluon contribution (partially) compensate this effect
(as discussed in [11]), but for p⊥ > 100 GeV, the gluon
contribution, and therefore the gluon compensation ef-
fect, is small. Due to this, we conclude that, if our
predicted larger RAA for h
± compared to heavy flavor
(D and B) in the high p⊥ region is indeed experimen-
tally observed, this increase will be a pure consequence
of the fragmentation function effect, and therefore not
related with the mass tomography in the QGP.
Moreover, the predictions presented in Fig. 3 show
that the mass tomography effects can be clearly ob-
served below 50 GeV. In particular, we see that be-
low 50 GeV, bottom suppression significantly differs
compared to charm and light probes. On the other
hand, such a distinction does not appear for high probe
momentum (above 50 GeV) where all the suppression
predictions nearly overlap (apart from fragmentation
functions effect discussed above). Furthermore, we also
showed that indirect bottom probes (i.e. non-prompt
J/Ψ) lower the dead-cone [8] effect compared to the
clear B meson probes. Consequently, we propose that
one should concentrate on the lower momentum range
and on the difference between the B meson suppression
on one side, and D meson/charged hadron suppression
on the other side, for observing significant mass tomog-
raphy effects.
Furthermore, in [24], we have shown that, for heavy
flavor, the RAA predictions for 5.02 TeV and 2.76 TeV
overlap with each other, due to interplay between en-
ergy loss and initial distributions. In Fig. 4, we show
that the same conclusion is valid for charged hadrons
as well. We therefore conclude that all the predic-
tions/observations presented in this paper are valid for
both 2.76 TeV and 5.02 TeV collision energies.
With regard to this, we note that, while high p⊥
data are not available for single particles at the cur-
rently available 2.76 TeV collisions, high p⊥ data are
abundant for jets. As our theoretical predictions for
single particle RAA data at 5.02 TeV are also appli-
cable for 2.76 TeV collision energy, it is tempting to
compare these predictions with the available jet data
at 2.76 TeV collision energy. Before comparing sin-
gle particle predictions with the jet data, we address
the same comparison with the experimental data, i.e.
we start by asking how the single particle data and
the jet measurements correspond to each other, in the
momentum range where both are available. Conse-
quently, in Fig. 5, we compare the available experi-
mental data for charged hadrons (the green squares
and circles) and inclusive jets (the blue squares and
circles). In the left panel, we show the comparison of
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FIG. 3: RAA vs. p⊥ for single particles at the 5.02 TeV Pb+Pb 0-10% central collisions at the LHC. Left panel
(a): Theoretical predictions for h±, D and B meson RAA vs. p⊥ are, respectively, given as white bands with full, dashed
and dot-dashed boundaries. The upper (lower) boundary of each band corresponds to µM/µE = 0.6 (µM/µE = 0.4).
Middle panel (b): Theoretical predictions for bare quark RAA vs. p⊥ are shown for u (dotted curve), c (dashed curve) and
b (dot-dashed curve). µM/µE ratio is set to 0.4. Right panel (c): Theoretical predictions for RAA vs. p⊥ are compared for
u (dotted curve) with h± (full curve). µM/µE ratio is set to 0.4.
FIG. 4: Comparison of RAA predictions for charge
hadrons at 2.76 and 5.02 TeV. Charged hadron sup-
pression predictions, as a function of transverse momen-
tum, are shown. RAA predictions at 5.02 TeV (2.76 TeV)
0-10% central Pb+Pb collisions at the LHC. are presented
as white bands with full (dashed) boundaries. The upper
(lower) boundary of each band corresponds to µM/µE = 0.6
(µM/µE = 0.4).
the measured suppression dependencies on the probe
momentum (for the similar, fixed centrality region),
while in the right panel, we show the comparison of
the measured suppression dependencies on the number
of participants (for the similar, fixed momentum re-
gion). Therefore, one can see that similar suppressions
are observed for single particles and jets, i.e. while
the inclusive jets show a somewhat higher suppression
compared to charged hadrons, they are the same within
the error bars.
The results presented above then motivate us to in-
vestigate how our bare quark (i.e. leading particle)
suppression predictions, done with the dynamical en-
ergy loss, agree with the jet suppression measurements.
To that end, in Fig. 6, we show our predictions of RAA
vs. p⊥ for the light (full curve), charm (dashed curve)
and bottom (dot-dashed curve) probes. These leading
particle predictions are shown together with inclusive
jets from the ATLAS experiments [14] (left panel) and
with both inclusive jets [13] and b-jets [12] from CMS
(right panel). The predictions for both light and heavy
probes are in a good agreement with the available jet
measurements. This, together with the near overlap of
the single particle and the jet suppression data shown
in Fig. 5, therefore suggests that the leading particle
predictions agree well with the jet RAA measurements.
There are few other important conclusions: i) above
50 GeV, we predict almost the same suppressions for
the light, charm and bottom quarks (see also the mid-
dle panel of Fig. 3); ii) this prediction, extrapolated
from the single particle predictions to the light and b-
jets, is in agreement with the measured experimental
data. Since charm jet suppression is not yet measured,
our result that the charm suppression overlaps with
the light and bottom suppressions, likely suggests that
c-jet RAA will overlap with both unidentified and b-jet
RAAs.
Finally, the similar conclusion is also obtained if the
suppression is analyzed as a function of the number
of participants (Fig. 7). In particular, we also see
that RAA vs. Npart single particle predictions for all
three types of probes nearly overlap with each other
and explain well the inclusive and b-jets data, which
are also shown in the figure. Finally, the overlap of
the suppression predictions is also consistent with the
overlap in the data - similarly, as shown in Fig. 4, the
case of the charm jets is a new prediction to be tested
7FIG. 5: Comparison of single particle and jet suppression data at the LHC experiments. Left panel: RAA
vs. p⊥ experimental data are compared for inclusive jets from ATLAS [14] (blue squares) and CMS [13] (blue circles)
and charged hadrons [40] from ATLAS (green squares) and CMS [45] (green circles). ATLAS jet data correspond to
0-10% centrality, while the other data correspond to 0-5% centrality. Right panel: RAA vs. Npart ATLAS experimental
data are compared for inclusive jets [14] (blue squares, 63 < p⊥ < 80 GeV) and charged hadrons [40] (green squares,
65 < p⊥ < 90 GeV).
FIG. 6: Single particle suppression predictions vs. jet data. Left panel: Theoretical RAA vs. p⊥ predictions for
single particles are compared with 0-10% centrality ATLAS experimental data for inclusive jets [14] (blue squares). Right
panel: RAA vs. p⊥ single particle predictions are compared with CMS experimental data for inclusive jets [13] (blue circles,
0-5% centrality) and b-jets [12] (orange triangles, 0-10% centrality). On each panel, white bands with dashed, dot-dashed
and full boundaries, respectively, correspond to charm, bottom and light flavor predictions, and the upper (lower) boundary
of each band corresponds to µM/µE = 0.6 (µM/µE = 0.4).
by the future measurements. CONCLUSION
In this paper, we systematically explored the mass
tomography effects, which can be observed for different
probes and in the wide momentum range correspond-
ing to the span of the available experimental data. The
8FIG. 7: Single particle suppression predictions vs.
jet data. Single particle predictions for RAA vs. Npart
are compared with ATLAS data for inclusive jets [14] (blue
squares, 80 < p⊥ < 100 GeV momentum region) and CMS
data for b-jets [12] (orange triangles, 80 < p⊥ < 90 GeV
momentum region). White bands with dashed, dot-dashed
and full boundaries, respectively, correspond to charm, bot-
tom and light flavor predictions for 80 < p⊥ < 100 GeV.
The upper (lower) boundary of each band corresponds to
µM/µE = 0.6 (µM/µE = 0.4).
predictions of the suppression dependence from both
the momentum and the number of participants were
generated and compared with the available single par-
ticle and jet measurements. As a result, we obtained
both the agreement of the theoretical results with the
available data, and generated new predictions to be
tested in the upcoming experiments, as we briefly sum-
marized below.
For the single particle predictions, we obtained that
significant mass tomography effects can be noticed be-
low 50 GeV, related with the difference between the
bottom and the charm/light suppressions. While this
difference is sometimes attributed to different initial
distributions for the charm and bottom quarks, we
here showed that this effect is almost entirely a conse-
quence of the differences in the respective energy losses
(i.e. the dead-cone effect), while the initial distribution
contribution to the difference is almost negligible.
Furthermore, at the existing 2.76 TeV collision en-
ergy, we showed that the leading particle predictions
agree well with the jet measurements. Moreover, the
experimental results show that there is a reasonable
overlap between the single particle and jet suppression
experimental data. These findings are interesting, par-
ticularly since our suppression approach does not in-
clude the features such as jet reconstruction [46] (which
are considered crucial for accurate description of (di)jet
suppression [47–54]), but includes an advanced dy-
namical energy loss description for the leading parton.
Therefore, the agreement between the single particle
and jet RAA measurements, both with respect to the
experimental data and the theoretical predictions is
currently unclear, and even if this agreement turns out
to be accidental, understanding it may provide an im-
portant outlook for the future research.
Finally, we here provide clear predictions for the
upcoming experimental data at 5.02 TeV collision en-
ergy: for the single particle data, we predict that, at
the high momentum range p⊥ > 100 GeV, B and D
meson (and likely c and b-jet) RAA data will nearly
overlap with each other. On the other hand, our pre-
dictions for h± RAA unintuitively suggests a tendency
for lower suppression compared to heavy mesons. We,
however, show that this lower suppression is a pure
consequence of fragmentation function effect on h±,
while finite mass effect is negligible in this region. Fi-
nally, we predicted significant mass tomography effects
related with B meson suppression below 50 GeV. As
discussed above, these predictions also provide spe-
cific guidelines on where future experimental efforts
related to this goal should be concentrated. For ex-
ample, given these results, we think that it is clearly
beneficial to concentrate further efforts on improving
b probe data in the relevant momentum region; this
can include both directly measuring B mesons instead
of non-prompt J/Ψ, reducing the uncertainties, as well
increasing the number of available measurements for
this important probe. With regards to this, note that
the CMS experiment already published their measure-
ment of the nuclear modification factor for fully recon-
structed B mesons in p+Pb collisions [55], while such
measurements in Pb+Pb collisions are expected to be-
come available soon from ALICE.
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